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A BST RA C T 

Fish contributes about 50% of total animal protein intake in some small islands and other 
developing states. Fish products provide 15% or more protein consumed by nearly 3 billion people 
worldwide. Highly important to culture and human welfare, fisheries have often faced the brunt of nature 
and the impending impacts of overfishing, pollution as well as natural climate variabilities that often arise 
from extreme events. Although much hyped and vaunted by different sectors as a cash crop, an economic 
growth booster in rural areas with few other economic activities, the looming threat of climate change 
may pose a serious set-back to fisheries production. The effects of climate change on marine ecosystems 
cannot be easily controlled by simple engineering measures. Therefore, a general strategy to conserve 
these habitats both in quantity and in quality would be an appropriate precautionary adaptation to the 
effects of climate change. Furthermore, the better the condition of these habitats, the more resilient they 
will be. Additionally, the greater the area of coastal habitats such as mangroves, sea grasses and reefs that 
are important  for  fisheries,  the less  likely it will  be affected  to the impact  of climate  change and 
destruction of these habitats would contribute to critical condition of fish. The promotion of marine 
protected areas and environmental  conservation thus become a focus of the adaptation strategy. The 
creation and management of marine protected areas (MPA) is advocated, in recognition of their value in 
reducing the negative influence of climate change. 
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IN TR ODUC T I ON  
 

Fish is a collective term that includes 
big and small fish (finfish and shell fish) and any 
aquatic animal that can be harvested. It is one of 
the  most  widely  traded  food  resources  in  the 
world. Fisheries can be broadly categorized into 
marine and inland fishery. Seventy-seven percent 
of   the   164   million   tons   of   global   aquatic 
production in 2004 was from marine systems and 
remaining 23% from inland waters. Sixty-eight 
percent of the total production of fish, crustaceans, 
and mollusks came from capture fisheries; harvest 
of  wild  populations  and  capture  fisheries 
production  in 2006  was 92 million tons (FAO 
2008). Fish contributes to, or exceeds, 50 percent 

of total animal protein intake in some small island 
and other developing states (FAO 2008), and fish 
products provide 15% or more protein consumed 
by nearly 3 billion people worldwide (FAO 2009). 
 

Fisheries are often available in remote 
and rural  areas  where  other  economic  activities 
are limited and can thus be important engines for 
economic growth and livelihood. The number of 
people directly employed in fisheries and 
aquaculture is conservatively estimated at 38 
million, of which over 90 percent are small-scale 
fishers (FAO 2005). In addition to those directly 
employed in fishing, there are orward linkages  
to  other  economic  activities  generated  by  the 
supply of fish (trade, processing, transport, retail, 
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etc.) and backward linkages  to supporting 
activities (boat building, net making, engine 
manufacture and repair, supply of services to 
fishermen,  fuel  to  fishing  boats,  etc.).  Taking 
these into account,  over 200 million people are 
thought to be dependent on small-scale fishing in 
developing countries that support the livelihoods 
of 520 million people (FAO 2009). 

 
Thus it is necessary that we do periodic 

examinations  of the scientific literature to get a 
sense and meaning of the possible socio-economic 
impacts that come from global issues affecting 
people locally. One of these hot issues includes 
climate  change  impacts  especially  on  the 
livelihood and resources of the people. The 
fisheries are very important for its implications on 
food security and the ecosystem. Our objective in 
this paper is to describe and examine the potential 
impacts of climate change in a broad and general 
way, the mechanisms involved with it, how it 
affects the fish, the fisheries and the fishing 
communities. We will discuss how climate change 
will impact the different fisheries system such as 
freshwater, culture-based, coastal, demersal, 
pelagic, and deep sea fisheries. In addition we also 
discussed possible socioeconomic  effects of 
climate  change  on  the  fisher  and  fisher 
communities   and   discussed   the   relevance   of 
putting up marine protected areas and increasing 
awareness for environmental conservation. 

 
M E T H OD OL O G Y  

 
We review the available literature on 

fisheries, climate change and analyze the linkages 
between them. To broaden its coverage, we 
included all types of fisheries from freshwater to 
marine water in order to complement the limited 
information about the impact of climate change on 
the fisheries.  After this methodology section, we 
are establishing  how climate change may affect 
the fisheries;  the latter sections  will discuss  the 
potential impacts it has on the different types of 
fisheries. 

 
Towards the end, we gave a brief 

overview on how climate change may affect the 
fishers and their community. We then provided a 
summary of key issues and challenges that climate 
change will bring on the fisheries and the potential 

steps  which  might  be taken  by governments  to 
help fisheries adapt to climate challenges. 
 
How does climate change affect 
fisheries? 
 

Wild  capture  fisheries  are 
fundamentally  different  from  other  food 
production systems in their linkages and responses 
to climate change. Marine and freshwater fisheries 
are susceptible to a wide range of climate change 
impacts and some ecological systems that support 
fisheries are already known to be sensitive to 
climate variability (Fig. 1). For example, in 2007, 
the International Panel on Climate Change (IPCC) 
highlighted various risks to aquatic systems from 
climate change, including loss of coastal wetlands, 
coral  bleaching  and  changes  in  the  distribution 
and timing of fresh water flows. They also 
acknowledged the uncertain effect of acidification 
of   oceanic   waters   that   is   predicted   to  have 
profound impacts on marine ecosystems. 
 

There is still an incomplete 
understanding of the link between climate change 
and fisheries. Nevertheless, alongside the growing 
acceptance   that  global   average  surface 
temperature has increased by at least 0.6 0C during 
the last 100 years and is expected to continue 
through the 21st  century, fisheries and fisher folks 
are known to be vulnerable to climate variability 
(Fig. 2). An expected characteristic of global 
climate   change   is   a   likely   increase   in   the 
variability of environmental  conditions including 
temperature,   precipitation,   and   wind   patterns. 
These changes will impact fisheries directly and 
indirectly, the importance of which will vary 
depending on the type of ecosystem and fishery. 
Climate   change   has  both  direct   and  indirect 
impacts on fish stocks that are exploited 
commercially. Direct effects are on the physiology 
and behavior that alter the growth rate, 
development, reproductive capacity, mortality, 
distribution  and  migration.  Indirect  effects  alter 
the productivity, structure, and composition of the 
ecosystem on which fish depend for food and 
shelter. 
 

It is important to recognize that the 
observed effects of global warming on fishes at 
the various levels of biological organization 
(organismal,      population,      community      and 

 
72 

 
Journal of Nature Studies 11 (1&2) 



The Changing C limate and Its Implications to Capture F isheries: A Review  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F igure 1. Summary of human impacts on the marine environment via fluxes of materials into the ocean 
(colored arrows) or indirectly through climate change (black arrows). The gray colored arrows denote links 
between each impact in the ecosystem. (Redrawn from: Doney 2010). 

 
 

ecosystem)  result from physiological  changes  at 
molecular, cellular and whole organism levels and 
that the ultimate effects of global warming at the 
ecosystem level will build on species-specific 
responses. As a consequence, species interactions 
change with interactions at the community level. 
Such a cause-and-effect understanding is needed 
to reliably project the effects of global warming 
on  commercially  important  marine  fish  species 
and   to   disentangle   these   effects   from   the 
synergistic effect of fishing pressure on such 
populations (Pörtner and Peck 2010). 

 
The magnitude and direction of climate 

change-specific   stressors   will   vary   from   one 
aquatic system to another. Climate change stresses 
or distresses have complex pressure on fisheries 
and aquaculture that threaten the fish production 

and livelihood of the communities. It is also 
expected  that as the climate changes, its impact on 
fisheries can be diverse. The potential impacts of 
each process on fisheries are discussed in this 
report. This report will also focus on the 
consequences  of climate  change  at  the  point  at 
which  they impact  on  fishing  activities,  fishers 
and their communities. 
 
Impacts   of   climate   change   on   freshwater 
fisheries 
 

The effects of climate change on 
freshwater ecosystems are predicted to be diverse 
and widespread and encompass alterations to 
temperature, flow and hydrological regimes, 
modifications to water quality and changes to the 
relative success of non-native species (Schindler 
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2001).   Furthermore,   climate   change      may exacerbate or complicate existing problems 
 

F igure 2. Global mean surface temperature anomalies relative to 1951 1980 taken from surface air 
measurements at meteorological stations and ship and satellite SST measurements. (A) Global annual mean 
anomalies. (B) Temperature anomaly for the first decade of the 21st century (Source: Hansen 2006; NASA 
GHCN-GISS). 
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affecting  freshwater  ecosystems  and  has 
significant  negative  effects  on  freshwater 
fisheries. 

 
Since fishes are poikilothermic animals 

affected strongly by ambient  water temperature, 
the effects of climate change on their ecology and 
behavior are likely to be particularly pronounced 
and widespread, with changes to temperature 
regimes being of fundamental importance. Inland 
fisheries, particularly important for small-scale 
fishers in developing countries and an integral part 
of many rural livelihood systems will be severely 
impacted by changing water levels and flooding 
events.  This further hinders  our ability to make 
predictions about changing temperatures, 
precipitation patterns and climate variability. 
However the significant climate shifts will affect 
freshwater fish communities and fisheries. The 
causes of climatic change that affect fisheries. 

 
Climate change results to new 

environments  for  fisheries  through  a number  of 
mechanisms that do not necessarily operate 
independently; the possibility of synergy or 
interactions among them is inevitable. For the 
purpose of clarity however, they will be discussed 
separately.  All  freshwater  fishes  are  exotherms 
and are constrained by the range of temperatures 
available  in  the  environment.  Therefore, 
increasing  global  temperatures  can  affect 
individual fish by altering physiological functions 
such  as  thermal  tolerance,  growth,  metabolism, 
food  consumption,  reproductive success  and the 
ability to maintain internal homeostasis in the face 
of a variable external  environment.  Temperature 
tolerance ranges are species-specific and include 
both stenothermal (narrow thermal range) species 
such as Arctic charr (Salvelinus alpinus) and 
eurythermal (wide tolerance range) species such 
as common carp (Cyprinus carpio). 

 
Even when the increase in temperature 

is   not   sufficient   to   prove   acutely   or   even 
chronically lethal, the sub lethal impacts on fish 
physiology, particularly on growth and 
reproduction,  may  be  sufficient  to  cause 
significant  changes  in  the  structure  and 
composition of fish faunas from the tropics to the 
arctic regions. A possible effect of global warming 

is that the water temperatures in specific 
ecosystems would increase to levels that are 
suboptimal   or  lethal   for   resident   fishes   with 
limited dispersal ability or for those living in 
systems that prevent migration. Temperate and 
polar regions are expected to experience larger 
changes  in  temperature  than  tropical  areas,  so 
fishes   inhabiting   these   areas   will   be   more 
intensely    affected    by   climate    change.    For 
example, common carp cultured at 35 0C develops 
vitamin C deficiency and grew more slowly than 
those cultured at 25 0C (Hwang and Lin 2002). 
The reproductive success of temperate fishes will 
be affected by global warming and low overwinter 
temperatures (cold-tempering) which are often 
essential  for the spawning  success  of temperate 
fishes such as salmonids. 
 

In addition, for fish currently living in 
marginal habitats, the effects of global warming 
would be similar to those predicted for temperate 
systems because tropical fish exhibit similar 
physiological  symptoms  when  subjected  to 
elevated temperatures. For instance, temperatures 
of 39 40 0C inhibit swimming ability in the tilapia 
(Tilapia   mossambica)   (Kutty   and   Sukumaran 
1975)  even  if  many  other  tilapia  species  can 
survive up to 41 42 0C (Chervinski 1982). Most 
importantly,  small  increases  (1 2  0C)  in 
temperature may be sufficient to have sub-lethal 
effects on tropical fish physiology particularly 
reproduction, especially when they are combined 
with the possible effects of an altered hydrologic 
regime. 
 

In Polar and high latitude fishes, unlike 
the scenarios  presented  for many temperate and 
tropical fishes, an increase in global temperatures 
could actually increase the amount of habitat 
available for colonization by cold-water 
stenotherms. However, at the same time that 
temperature ranges may be expanding into higher 
latitudes, they may contract at the lower latitudinal 
bounds as they face competition from temperate 
fishes whose own ranges are moving toward the 
poles (Reist et al 2006). Changing temperatures 
may also reduce habitat for these fishes because 
they have evolved to survive in Polar Regions 
(Reist et al 2006) and they may be extremely 
vulnerable to temperature changes. Global 
temperature changes will affect fish and thereby 
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fisher communities through direct effects on fish 
physiology and indirectly through effects on water 
quality, water chemistry and hydrographs. 

 
The changing global temperatures will 

also affect  fish susceptibility to disease because 
the immune function of fish is compromised in the 
presence of stressors such as crowding, high 
temperatures,  and  osmotic  stress.  For  example, 
rates of bacterial diseases (such as furunculosis) in 
aquaculture  systems  often  peak  at  high 
temperature (Wedemeyer 1996), and the changes 
in lake limnology accompanying climate change 
may also influence transmission rates. The 
crowding of cool and cold water fishes into a 
smaller hypolimnion could bolster parasite 
transmission (Marcogliese 2001). Stream and river 
systems   may   also   experience   more   frequent 
parasite epizootics.  Fish migrating from warmer 
regions may serve as hosts or vectors for parasites 
and diseases that are novel to species in the 
receiving   environment   (Font   2003).   Although 
many pathogens or parasites may not become 
established in a novel environment, those that do 
so  can  affect  native  fish  populations  (Brouder 
1999). 

 
The changes in oxygen solubility that is 

affected by changes in water temperature may 
actually decrease the available  oxygen  to biota. 
Moreover, changes in dissolved oxygen levels will 
depend on a multitude of factors such as ambient 
temperatures,   biological   oxygen   demand,   and 
local  climate (e.g.,  wind  mixing).  For  example, 
dissolved oxygen concentrations  of 5 mg L-1  or 
more are acceptable for most aquatic organisms 
(Stickney  2000),  and  concentrations  below  2 3 
mg L-1  are considered hypoxic. Fishes exposed to 
elevated water temperatures can face an oxygen 
squeeze  and decreased levels   of   dissolved 
oxygen  can reduce the growth and reproductive 
success  of  individual  fishes  and  prevent  them 
from     dealing     as     effectively     with     other 
environmental challenges. 

 
Consequently, with the impending 

impact of a climate change, this could result to 
reduced levels of dissolved oxygen; it is possible 
that individual fish could be smaller, less fecund, 
and less likely to survive. In addition, the toxicity 
of common pollutants (e.g., organophosphates and 

heavy metals) to fish generally increases at higher 
temperatures (Murty 1986) and elevated toxicant 
concentrations in fish tissues can have sub-lethal 
effects, including the reduction of reproductive 
output, potentially elevating rates of natural 
mortality. This problem will become more serious 
as the size of remaining water bodies diminishes 
in response to increased evapotranspiration rates 
and dry season irrigation. 
 

Lower dry-season flows in tropical and 
temperate rivers may also present problems with 
respect to seawater intrusion. For instance, the 
Mekong and the Amazon are both extremely low 
gradient  rivers.  In dry years,  when the Mekong 
Rive s   discharge  drops   below  1,500   m3    s-1, 
seawater penetrates the river system as far as 50 
km from the coast (Hori 2000). Sea levels rose by 
1 2  mm  yr  L-1   during  the  20th  century,  much 
faster than prehistoric fluctuation rates. Increased 
saline water intrusion may also reduce available 
habitat for most fish species leading to further 
reductions   in  exploitable  biomass.  Rising  sea 
levels could also increase erosion and profoundly 
affect primary production and the trophic state of 
inland  waters  through  changes  in  water 
temperature  and  stratification  patterns  (Lofgren 
2002). 
 

The trophic status of aquatic systems is 
defined by nutrient concentration. Rising air 
temperatures will increase surface water 
temperature and influence thermal stratification in 
rivers,  lakes and wetlands.  Higher  frequency of 
extreme temperatures in summer (possibly 
exceeding thresholds) and reduced winter freezing 
in certain lakes are likely to affect thermal 
stratification and species composition. Warmer 
winters will increase open water evaporation rates 
and lead to a fall in water levels unless offset by 
increases  in  precipitation  or  changes  in  other 
factors that affect evaporation rates. 
 

In the tropics,  wind, precipitation  and 
stratification  may affect trophic status of inland 
water bodies (Bootsma and Hecky 2003). The 
natural trophic state of an aquatic system is a 
function of volume, water residence time and 
nutrient input from the surrounding watershed 
(Kalff 2000). However, climate change can alter 
the  trophic  status  of  aquatic  systems.  Lower 
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stream flows could increase water residence times 
and   reduce   flushing   of   nutrients   from   lake 
systems,  thereby  increasing  trophic  status 
(Bertahas et al 2006). Likewise, an increase in 
stream flows and pollutant flushing rates could 
reduce eutrophication rates. Increases in 
temperature may enhance eutrophic conditions by 
stimulating explosive macrophyte growths. 

 
This  may  lead  to  changes  in  trophic 

state that negatively affect fish communities 
through direct effects on macro invertebrate prey 
and through effects on the algal community that 
support the zooplankton (Adrian 1998). The 
general result of eutrophication in temperate lakes 
appears to be the replacement of economically 
important species such as salmonids and 
centrarchids with smaller, less desirable species 
such as some cyprinids (Persson et al 1991) and 
gizzard  shad (Dorosoma  cepedianum).  In larger 
lakes, small annual temperature increases have a 
pronounced effect on the timing and strength of 
stratification in lotic systems (Gaedke et al 1998). 

 
During recent decades, the influence of 

the El Niño-Southern oscillation (ENSO) 
phenomenon on the inter-annual variability of 
weather and climate has been vigorously 
researched.   Today,   the   understanding   is   that 
ENSO is a set of specific interacting parts of a 
single global system of coupled ocean-atmosphere 
climate fluctuations that come about as a result of 
oceanic  and  atmospheric   circulation.   El  Niño 
causes  weather patterns involving increased rain 
in specific places  but  not in others,  and causes 
drought in specific places but not in others. The 
reduction in precipitation makes fresh water 
systems particularly vulnerable to fluctuations in 
climate change which could result in reduced 
biological diversity and productivity. 

 
Moreover, inland fisheries are 

profoundly  affected  by  changes  in  precipitation 
and  run-off  which  may  occur  due  to  climate 
change.  Reduced  lake  levels  for  example,  will 
likely heavily impact lake fisheries in southern 
Africa. Allison and others (2007) graphically 
illustrated the changes of total catch with the lake 
level of Lake Chilwa, in Malawi. Time-series data 
demonstrated that the productivity of the fishery is 
strongly linked to the amount of water in the lake. 

Lake Chilwa is a closed-basin lake which 
periodically dries out when rainfall is low but 
supplies up to a quarter of Malawi s fish in good 
years. With rainfall levels declining over southern 
Africa in recent years, dry periods have become 
more frequent and fish yields are declining 
accordingly.  Moreover, the African Great Lakes 
region harbors important fisheries that contribute 
to employment, food security, government tax 
revenues, domestic markets and exports. 
 

These Lake fisheries already experience 
high levels of climatic variability, which cause 
fluctuations in primary production and fish yield. 
Underlying these fluctuations in some parts of 
Africa is a trend of declining rainfall and surface 
water availability and other factors that affect 
productivity such as changing wind regimes. For 
example, Lake Tanganyika has important fisheries 
for small pelagic species. Declining wind speeds 
and   rising   water   temperatures   have   reduced 
mixing  of  nutrient-rich  deep  waters  with  the 
surface  waters  that  support  pelagic  fish 
production. Along with overfishing, this may be 
responsible  for  its  declining  fish  yields  (FAO 
2007). 
 
 
Impacts of climate change on culture-based 
fishery 
 

Culture-based fisheries are capture 
fisheries which are mostly or entirely maintained 
by the regular stocking of seed fish. Culture-based 
fisheries are essentially a form of extensive 
aquaculture,  or a farming  practice conducted  in 
small perennial water bodies (generally less than 
100 ha) rely entirely on the natural productivity of 
the  water  body  for  growth,  and  on  artificial 
stocking   for   recruitment.   These   water  bodies 
would not be able to support a subsistence fishery 
due to a lack of adequate natural recruitment of 
suitable species. Also, the release of fish spawned 
and bred in aquaculture into natural fish 
populations can add to total production and 
population abundance (Lorenzen 2008). 
 

The products of rural culture based 
fisheries are exclusively fish and prawn. 
Commercial culture-based inland fisheries are 
operated on a large scale in Asia, particularly in 
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China (De Silva et al 1991),  and on the Indian 
subcontinent (Jhingran 1992). Artificial water 
bodies,  not  built  for  fishery  purposes  (such  as 
pond aquaculture ponds) but often built for 
irrigation   purposes,   are   being   used   for   the 
practice. The main species stocked in Asia are 
Chinese carps, Indian major carps, and common 
carp, Cyprinus carpio L. Many European lakes are 
also regularly stocked with coregonids to support 
commercial  fisheries.  Major  culture-based 
fisheries, both commercial and recreational, also 
exist for salmonids. 

 
As small reservoirs can dry out in hot 

seasons, it is also important to consider which 
months water is retained so that the selected fish 
have time to mature ready for harvesting. For 
example, carp need at least six months to mature, 
so the selected reservoir should retain water for at 
least  this  time.  However,  present  climatic 
variability may cause changes on the physical and 
biological  factors  of the reservoir  due to heavy 
precipitations and evaporations; this may change 
the depth and surface area of the reservoir which 
are important for determining the water retention 
period. Culture based fishery are solely dependent 
on the normal pattern of biological and physical 
factors,   and   therefore,   indigenous   knowledge 
plays a vital role in this context.  The problems 
faced  by culture  based  fisheries  due  to  climate 
change is similar to inland freshwater fisheries 
discussed earlier. 
 
Impacts of climate change on coastal 
fisher y 

 
Coastal fisheries include wetlands, 

estuarine,   inshore,   coral   reef   and   open   sea 
resources  and support poor coastal communities 
around the world. Coastal habitats and resources 
are likely to be impacted through sea level rise, 
warming  sea  temperatures,  extremes  of nutrient 
enrichment (eutrophication) and invasive species. 
Small   scale   or   artisanal   fishers   are   coastal 
fisheries  sector  most susceptible to a variety of 
indirect  ecological  impacts.  Coastal  marine 
fisheries dependent on sensitive ecosystems such 
as  coral  reefs,  seagrass  beds,  mangroves  and 
littoral forest, and these sensitive ecosystems are 
all vulnerable to the impacts resulting from severe 
weather events, including sea level rise and 
increases in temperature that affects ecosystem 
functions.    Any    damage    to    these    sensitive 

ecosystems due to climate change drivers may 
directly affect the coastal fish and fisheries (Fig. 
1). 
 

Coral reefs, one of the most complex, 
species rich and productive marine ecosystems on 
earth, provide the habitat for a wide variety of reef 
fishes that are exploited. They support small-scale 
fisheries throughout the tropical western Atlantic, 
Indian  and Pacific  oceans  and are at  risk  from 
elevated  water  temperatures  and acidification  in 
addition to a range of more direct local impacts 
(Hoegh-Guldberg   et  al  2007).  Bleaching  may 
result in the death of the coral and deterioration of 
the coral structure and its  inability to support fish 
and other marine life. Moreover, corals may also 
be affected by increasing concentrations of carbon 
dioxide (CO2) which is expected to double by the 
end of the next century. 
 

Elevated levels of dissolved CO2 reduce 
the pH of ocean waters. This process, called 
acidification,  can reduce the ability of corals to 
deposit their limestone skeletons, affecting coral 
growth. The risk of severe bleaching and mortality 
of corals with rising sea surface temperatures may 
threaten  the productivity  of these  fisheries.  The 
distribution of coral reefs, coinciding  with large 
numbers of developing country populations in 
South East Asia, East Africa and throughout the 
Pacific, suggests that many millions of small-scale 
fishers are dependent on coral reefs for their 
livelihoods (Whittingham et al 2003). Coral reefs 
in the western Indian Ocean region  experienced 
very severe bleaching and mortality because of the 
El Niño episodes of 1998 to 1999 and were 
bleached again in 2005. Inner reefs of the 
Seychelles  showed  severe  ecological 
consequences. 
 

Live  coral  cover  dropped  from  27  to 
3%, and coral-feeding fish species disappeared 
(Graham  et  al  2006).  Ecological  studies 
undertaken in 2005 found a reduced abundance of 
small  fish. This may indicate a time lag in the 
impacts of bleaching on commercially important 
fish, with  the erosion  of dead corals  eventually 
affecting  recruitment  of commercially important 
fish species (Graham et al 2007). There is a 
reasonable risk that the projected changes to coral 
reefs  and  the  fish  and  invertebrates  associated 
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with them will make it more difficult to supply the 
diverse range of organisms demanded by the 
marine ornamental trade (Warbitz et al 2003). 

 
Near-shore habitats and wetlands, like 

mangroves and seagrass beds which are often the 
target   areas   of   small-scale   fishers,   may   be 
impacted   by  sea  level   rise,  especially  where 
coastal development restricts landward expansion 
of the ecosystem (Nichols et al 2007). Storms can 
potentially reduce the viability and may likely 
affect   coral   recruitment.   Temperature   is   also 
known to play a key role in the initiation of 
spawning behavior, including the formation of 
aggregations. Under warmer climate, spawning is 
likely to be affected. In 1998 the biggest ENSO- 
driven bleaching event killed an estimated 16% of 
the world s  corals, including reefs in the Indian 
Ocean and Pacific. Fishing, hurricanes, bleaching 
and  disease  have  resulted  in  a  loss  of 80%  of 
Caribbean hard coral cover. 

 
As   climate   change   is   expected   to 

increase the frequency and severity of ENSO 
events and hurricanes and incidence of coral 
bleaching,  reef  associated  fisheries,  often 
important to the coastal poor, are likely to be 
negatively impacted (FAO 2007). As species 
distributions   change   in   response   to   climate 
change,  small-scale  fishers  may be less  able to 
adapt by following them because of limited 
mobility.  However,  while some  fishers  will  see 
the disappearance  of their  target  species,  others 
could  see an increase in landings  of species  of 
high commercial value. For example, in the 
Humboldt Current system during El Niño years, 
landings   of   shrimp   and   octopus   increase   in 
northern Peru while in the south, tropical warm- 
water conditions increase the landings of scallops. 
These  species  have  higher  market  values  than 
more traditional species and international markets 
have developed for them (Badjeck 2008). 

 
 

Impacts of climate change on pelagic fishery 
 

Pelagic species occupy the open ocean 
which  is  the largest  ecosystem on earth, 
comprising  around 70% of the planet s  surface. 
Small pelagic species, with adult body size less 
than 50 cm, and large pelagic fishes, with adult 

body sizes greater than one m, have been 
distinguished. Species with adults between these 
sizes, such as skipjack tuna, have been typically 
grouped with the large pelagic species, and other 
wide ranging iconic species are billfish (swordfish 
and  marlin)  and sharks.  Offshore  (oceanic)  and 
coastal (neritic) groups are also often identified, 
with small pelagic fishes most commonly being 
found  in  shallow  embayments  and  shelf  waters 
and large pelagic fishes ranging widely offshore, 
including both continental shelf waters and the 
open ocean (Hunt and McKinnell 2006). 
 

Large scale marine fisheries mainly 
depend on the pelagic fisheries. Climate change 
may affect pelagic fisheries positively and 
negatively.  However,  it  is  expected  that  in  the 
open ocean, sea level rise will be of little 
consequence for pelagic species and temperature 
is implicated as the main driver in climate impacts 
in the pelagic realm (Hobday et al 2008). That is, 
temperature is one of the strongest drivers of 
pelagic fish distribution (Laurs et al 1984; 
Kitagawa et al 2006). The strongest environmental 
signal in the ocean,  the ENSO phenomena,  has 
been shown to have a major impact on the 
distribution of tropical tunas (Lehodey et al 1997). 
 

Many of  the  world s  largest  fisheries 
(most  notably the  Peruvian  anchoveta  which  is 
responsible for more than 10% of the world s 
landings) are based on upwelling ecosystems and 
thus are highly vulnerable to changes in climate 
and currents. For instance, annual catches of 
Peruvian anchoveta have fluctuated between 1.7 
and 11.3 MT during past decade in response to El 
Niño climate disruptions. Large-scale changes 
affect the distributions of species and, hence, 
production systems. For example, the northern 
movement of Pacific tuna stocks may disrupt fish 
based  industries  because  existing  infrastructure 
(e.g. landing facilities and processing plants) will 
no longer be conveniently located  close to new 
fishing grounds (Miller 2007). 
 

In addition, changes in the distribution 
of stocks and catches may occur across national 
boundaries. A lack of well-defined and stable 
resource boundaries presents particular challenges 
for fisheries governance in the context of climate 
change.  Changes  in  fish  stock  distribution  and 
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fluctuations  in  the  abundance  of conventionally 
fished and new species may disrupt existing 
allocation arrangements. For instance, changes in 
Pacific  salmon  distribution  as  a  result  of  sea 
surface temperatures and circulation patterns have 
led to conflicts over management agreements 
between the United States and Canada (Pacific 
Salmon Treaty; Miller 2000). Similarly, it is 
forecast  that temperature  changes  in the Pacific 
Islands  could  lead  to  a  spatial  redistribution  of 
tuna  resources   to  higher  latitudes   within  the 
Pacific Ocean, leading to conflicts over the stock 
of tuna between industrial foreign fleets and 
national ones restricted to their EEZ (World Bank 
2000).  
 
Impacts of climate change on demersal fishery 

 
Demersal fishers are very important to 

global   commercial   fisheries   and   affected   by 
climate  change.  The  demersal  fishes  dominate 
with respect to landings  and value in Australia, 
and the main species harvested are invertebrates, 
such as trochus and sea cucumbers (Hobday et al 
2008). Increase in sea surface temperature is a 
primary climate driven factor that affects the 
demersal fisheries in the region. During recent 
decades,  there has  been a clear,  positive 
correlation  between temperature and recruitment 
in Northeast Artic cod. Temperature changes due 
to climate change induce the species distribution 
towards the high latitudes and finally affecting the 
countries fishery revenue. 

 
Summer   sea-surface   temperatures   at 

Maria Island have risen by over 1°C over the last 
60 years (Hobday et al 2008). These observations 
are consistent with multi-century records of deep- 
water temperature off Tasmania inferred from 
changes in the composition of deep-water corals, 
which is important habitat for bottom dwelling 
species (Thresher et al 2004). The long-spine sea 
urchin, Centrostephanous  rodgersii, an important 
habitat  modifier  in  New  South  Wales,  crossed 
Bass Strait in the mid-1960s and was first 
discovered on the east coast of Tasmania in 1978 
(Edgar  1997).  The poleward  shift  in the 
distribution  of  this  species  has  been  associated 
with  the decline of urchin  barrens  on  the  New 
South Wales coast, which adversely affected the 
local  abalone  fishery,  while  its  arrival  in  Bass 
Strait and subsequent spread along the east coast 

of Tasmania has led to development of extensive 
urchin barrens in areas where they did not 
previously exist. 
 

The arrival of C . rodgersii off Tasmania 
appears to be disrupting the existing balance 
between  macroalgae,  abalone,  rock  lobsters  and 
the native urchin, and the density of commercially 
fished abalone and rock lobster. Moreover, in the 
last decade, there have been conspicuous changes 
in the distribution of Tasmanian marine fishes and 
increased  water  temperature  experienced  during 
the spawning season, with maximum recruitment 
at an intermediate temperature in both demersal 
and pelagic fishes (MacKenzie and Koster 2004). 
The  effects  of  climate  on  recruitment  are  not 
limited to processes  acting during the early life 
stages, but may extend to later life stages 
(juveniles) and finally adult reproductive 
performance.   There   are   indications   that   Red 
mullet, a non-quota species of moderate, but 
increasing, importance to fisheries have shown a 
northward distribution  shift in recent  years,  and 
have the landings from the North Sea from about 
1990. 
 

Moreover,  temperature  induced 
plankton production also affects the distribution of 
dermasal  fishes. In North Sea, there has been a 
decline in the abundance of the copepod Calanus 
finmarchicus,  an  important  prey  item  for  cod 
larvae in the northern North Sea, and the loss of 
this   species   has   been   correlated   with   recent 
failures   in   cod   recruitment.   There   are  some 
positive impacts from this climate driven species 
distribution, i.e., the story is very different for the 
seabed-living   animals   such   as   shrimps   and 
starfish. Their production has increased as the 
predatory fish have been removed from the region. 
 
Impacts of climate change on migratory fishery 
 

Some fishes migrate between water 
masses to shift their location of spawning. Climate 
change has profound effect on such migratory 
fishes  and  thereby  fisheries.  Distribution  shifts 
may impact upon commercial fisheries catches 
because changes in migration or spawning 
behaviour affect the catchability  of individuals 
to particular fishing gears. Timing and extent of 
annual migration is severely affected by climate 
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driven changes. Changes in migration phenology 
has been described for the flounder Platichthys 
flesus, which has been shown to undertake a 
spawning  migration  1    2 months  earlier  when 
conditions are cooler (Sims et al 2004). Timing of 
flounder migration is driven to a large extent by 
short-term climate-induced changes in thermal 
resources. Therefore, short-term climate 
fluctuations have significant effects on the timing 
of  fish peak  abundance  in an  area,  which  may 
have implications for fisheries (Sims et al 2004). 

 
Out of the many climate driven factors, 

sea water temperature is a primary factor that 
affects the migratory behavior of fishes. For 
instance, migratory elasmobranch fishes, basking 
sharks,  are  extremely  sensitive  to  slight 
temperature variation, as low as 0.001°C (Brown 
2003). A study showed that a major component of 
the inter-annual variation in relative abundance of 
basking  sharks  off  southwest  Britain  was 
positively   correlated   with   fluctuations   in   sea 
surface temperature (Cotton et al 2005). However, 
sea surface temperature is less important at small 
scale, and a study indicate that climatic forcing of 
the copepod C . helgolandicus, influenced basking 
shark abundance. At a local scale (0.01 10 km), 
basking shark distribution and migration is 
determined by the abundance of adult C . 
helgolandicus  induced  by climate  change (Sims 
and Quayle 1998). 

 
One of the most studied migratory 

species, the Atlantic salmon, also shows high 
sensitivity to climate change. Salmon depends on 
the  timing  of  seasonal  events  and  use 
environmental variables as migratory cues 
(Friedland et al 2003). Whalen and others (1999) 
reported  that  peak  migration  of  salmon  occurs 
later  in  spring  for  tributaries  with  lower 
temperature and annual variation in the timing of 
peak migration  of Atlantic salmon  is  related  to 
variation in annual temperatures (McCormick et al 
1998). 

 
 

Impacts of climate change on deep sea fishery 
 

The impacts of climate change on deep 
sea fisheries  are scarcely reviewed  compared to 

other  fisheries.    Recorded  responses  are largely 
consistent with increasing ocean temperature, and 
it appears that global warming is the primary 
climate factor that marine species have responded 
to   (Wernberg   et   al   2009).   Scientists   have 
monitored winter temperatures on fishing grounds 
in the North Sea for thirty years, and the trend of 
coastal waters warming has also been apparent in 
northern fishing grounds. Northern North Sea 
grounds are warmer and show less seasonal 
temperature variation than those located further 
south. 
 

The warming influence of the Atlantic 
makes it rare for winter temperatures to dip below 
6 °C in the deep waters of the northern North Sea. 
This contrasts  with shallow  waters  to the south 
where temperatures can fall to 3 °C. Scientists 
investigated  how the warming of the North Sea 
waters is affecting stocks of juvenile cod and 
haddock. Results of the survey show that young 
cod are found in the colder southern grounds of 
the North Sea whereas young haddock are found 
in   deeper   northern   waters.   Juvenile   haddock 
appear to have a preference for waters with 
temperatures greater than 5 °C, while Young cod 
are found at a wider range of water temperatures 
including those below 5 °C. 
 

As  conditions  and  water  temperatures 
in the Scottish southern grounds may change 
greatly  from  year  to  year  depending  on  the 
weather, it follows that young cod may be more 
vulnerable to rapid ocean climate change than 
young haddock. However, if the gradual trend 
towards  warmer  temperatures  continues,  it  will 
not create an ideal environment for this species. 
While scientists know that over-fishing is still the 
main cause of stock decline, the added pressure of 
climate change makes it even more important that 
the stock is kept within safe biological limits. 
 

In addition, declining winter and spring 
snow cover over Eurasia is causing a land-ocean 
thermal gradient favorable to stronger southwest 
(summer) monsoon winds over the Arabian Sea. 
This is leading to an increase in upwelling of 
nutrient-rich waters and an increase in 
phytoplankton production of over 300 percent was 
observed  from 1997  to 2004.  This  may benefit 
pelagic  fisheries  production,  or  may  cause  fish 
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kills and affect benthic fish production due to the 
harmful  effects  of  more  frequent  algal  blooms. 
The frequency and spatial distribution of such 
phytoplankton blooms due to climate change has 
been  increasing  since  1970 s,  finally  affecting 
deep sea fishery. 

 
Moreover, changes in distribution, 

abundance  and  community  composition  of  fish 
and   marine   invertebrates   such   as   squid,   are 
strongly related  to sea  temperature.  Since these 
species  are  ectothermic,  changes  in temperature 
have caused changes in distribution of both 
exploited and non-exploited species, including the 
recruitment of the Atlantic Cod Gadus morhua in 
the North Sea. In addition, an important discovery 
in Bering Sea fisheries oceanography in recent 
years was the realization that climate variability at 
the scale of decades may have a direct effect on 
the productivity of winter spawning flatfish 
(Wilderbuer et al 2002). The mechanism under 
consideration is related to the dispersal of larvae 
to favorable near shore nursery habitats. 

 
The progressive depletion of world 

fisheries due to climate change and over 
exploitation  is  one  of  the  key  socio-economic 
issues of the forthcoming century. Despite this 
worrying scenario, some new opportunities might 
be refreshing also to the fisheries such as 
commercially exploiting the warm water fish 
resources like red mullet, John Dory, and seabass 
(Pinnegar et al 2008). These warm water species 
have increased strongly in their landings from the 
North Sea. There are indications  that these fish 
species have shown northward distribution shift in 
recent years. 

 
Impacts of climate change on fishers and fisher 
communities 

 
Climate  variability and  fluctuating 

stocks and livelihood system can directly and 
indirectly  affect   fisher   communities.   Different 
types of climate change impacts on fishers can be 
linked to the various elements of livelihoods 
frameworks such as impacts on assets and impacts 
on livelihoods  activities.  Small-scale  fishers  are 
particularly exposed to direct climate change 
impacts because they tend to live in the most 
seaward  communities  and they are at  risk from 

damage to their property and infrastructure from 
multiple direct impacts such as sea level rise, 
increasing storm intensity and frequency. 
 

Fishers  are  generally  known  as  poor, 
and  therefore,  climate-induced  changes  to 
resource flows can fundamentally affect the 
viability of their livelihoods. The impacts of 
physical and biological changes on fisher 
communities will be as varied as the changes 
themselves.  Both  negative  and  positive  impacts 
can  be  foreseen  and  strength  of  the  impacts 
depends on the vulnerability of each community, 
combination of potential impacts (sensitivity and 
exposure) and adaptive capacity. Impacts can be 
felt  through  changes  in capture,  production  and 
marketing costs, changes in sales prices, and 
possible increases in risks of damage or loss of 
infrastructure,  fishing  tools  and  housing. 
Therefore,  fishery-dependent   communities  may 
face increased vulnerability in terms of less stable 
livelihoods, decreases in availability or quality of 
fish for food  and safety risks due to fishing  in 
harsher weather conditions. 
 

As with small-scale fisheries, fishing 
operations can be directly disrupted by poor 
weather, while extreme events can damage vessels 
and shore-based infrastructure. City ports and 
facilities   required   by  larger   vessels   may   be 
affected.  An increasing number of large coastal 
cities are at risk from sea level rise and extreme 
weather,  especially in  rapidly developing  Asian 
economies (Nicholls  et al 2007). Indirect socio- 
economic impacts on industrial fisheries may 
include flooding or health impacts on vulnerable 
societies which may affect employment, markets 
or processing facilities. The aquaculture industry 
is a major market for fishmeals from capture 
fisheries and climate change impacts may affect 
markets  for reduction fisheries, although current 
projections are for fish meal and fish oil demands 
to continue to increase in the near future (Delgado 
et al 2003). 
 

The socio-economic impacts of climate 
change can be largely influenced by availability of 
resources   which   will   have   ramifications   on 
fishers  ability   to   handle   cost.   Climate   and 
weather may affect availability in the ways 
described  above.  The  cost  of  many  inputs  into 

 
82 



Journal of Nature Studies 11 (1&2) 

 

 

The Changing C limate and I ts Implications to Capture F isheries: A Review 
 
 

fishing could be affected by any decrease in 
availability of resources brought about by climate 
change (increase in frequency of storms). 
Increasingly poor weather will also increase cost 
resulting  from increased  fuel  cost  due to rough 
seas, increased labor cost due to poor working 
conditions,  increasing  maintenance  cost  for 
vessels and fishing equipment (traps or shades) or 
cost  associated  with  trap  replacement  following 
loss or destruction. 

 
C ON C L USI ON  

 
Climate  changes  are  components   of 

other stresses on the environment and produce 
actual  and  potential  impacts  on  fisheries 
resources.   The  effects   of   climate   change   on 
marine ecosystems cannot be easily controlled by 
engineering  measures.  Therefore,  a  general 
strategy to conserve these habitats both in quantity 
and in quality would be an appropriate 
precautionary adaptation to the effects of climate 
change. Furthermore,  the better the condition of 
these habitats, the more resilient they will be. 
Additionally,  the greater  the quantity of coastal 
habitats such as mangroves, sea grasses and reefs 
that are important  to fisheries,  the less likely it 
will be that climate change will reduce these 
habitats below critical levels for fisheries. The 
promotion of marine protected areas and 
environmental conservation may be the best focus 
of adaptation measures. The creation and 
management of marine protected areas (MPA) is 
advocated in recognition of their value in reducing 
the negative influence of climate change. 
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